Zondek (1) as early as 1934 demonstrated that enzymes of the liver destroyed the biological activity of the estrogens. Since then both in tivo and in vitro studies have provided much evidence to show that the liver is the organ primarily responsible for the catabolism of the steroid hormones: estrogens, androgens, progesterone, and the corticosteroids (2). However, not until the development of improved methods for measurement of certain of the adrenocortical steroids and their metabolites, and the availability of labeled radioactive cortisol, corticosterone, and aldosterone has it been possible accurately to evaluate the influence of liver disease on the rate of degradation and synthesis of the steroids in man. The studies here reported are based on the use of certain of these newer techniques.
Zondek (1) as early as 1934 demonstrated that enzymes of the liver destroyed the biological activity of the estrogens. Since then both in tivo and in vitro studies have provided much evidence to show that the liver is the organ primarily responsible for the catabolism of the steroid hormones: estrogens, androgens, progesterone, and the corticosteroids (2). However, not until the development of improved methods for measurement of certain of the adrenocortical steroids and their metabolites, and the availability of labeled radioactive cortisol, corticosterone, and aldosterone has it been possible accurately to evaluate the influence of liver disease on the rate of degradation and synthesis of the steroids in man. The studies here reported are based on the use of certain of these newer techniques.
On incubation with rat liver tissue, cortisol and cortisone are rapidly metabolized, but only very slowly with other tissues (3) (4) (5) . Perfusion studies have demonstrated a very rapid metabolism of the steroids by the liver but not by other organs (6) (7) (8) . Hechter, Frank, Caspi and Frank (9) found that the major portion of the cortisone and cortisol administered into the portal vein in dogs was not recovered as unaltered steroid from the hepatic venous blood. Bradlow, Dobriner and Gallagher (10) found that 70 per cent of a dose of tritium-labeled cortisone administered to mice was found in the liver within five minutes after intravenous administration. Administered cortisol also disappears rapidly from the circulation in rats (11) , and this rapid metabolism can be prevented by hepatectomy but not by nephrectomy (12) .
The liver in man has a high capacity for metabolizing the circulating blood cortisol, as demonstrated by the fact that the level of 17-hydroxycorticosteroids in the hepatic vein blood is lower than the level in the arterial blood (13, 14 to man disappear rapidly from the blood (15, 16) . Only minimal quantities are lost via the expired CO2 (17) or the biliary or gastrointestinal tract (15, 16) . Also, practically all of the administered steroid is metabolized prior to its excretion in the urine (15, 16) , and thus it is apparent that urinary excretion plays a relatively minor part in eliminating the biologically active steroid. Thus, metabolic transformation by the liver must play the predominant role in terminating the action of the steroids.
Because of the major role of the liver in the catabolism of the corticosteroids, it might be expected that this organ could indirectly influence the synthesis of corticosteroids by the adrenals.
Many investigators have attempted to determine whether alterations in the functional capacity of the liver result in changes in adrenal cortical function. Until recently studies of adrenal cortical function in both acute and chronic liver disease were based on measurements of urinary steroids. There has been general agreement that the urinary 17-ketosteroids are low in various forms of liver disease -acute viral hepatitis (18) (19) (20) (21) , toxic hepatitis (20) , portal cirrhosis (18) (19) (20) (21) (22) , biliary cirrhosis (23, 24) , and also in obstructive jaundice (18) (19) (20) (21) 25) . Urinary androgen excretion, as measured by bioassay, has also been found to be low in cirrhosis of the liver (26, 27) . However, since only a small fraction (5 to 10 per cent) of the cortisol is metabolized to 17-ketosteroids (28) , the urinary level of this material does not represent an adequate index of the functional capacity of the adrenal cortex to secrete corticosteroids such as cortisol. Furthermore, the rate of adrenal cortical secretion of 17-ketosteroids may not always parallel the rate of secretion of adrenal corticosteroids.
Although urine levels of "corticoids" have been reported to be normal or elevated in acute hepatitis (21) and cirrhosis (21, 23, 25, (29) (30) (31) , the data in these studies are difficult to interpret because of the nonspecific methods of assay used. Brown, 320 Willardson, Samuels and Tyler (32), using a more reliable assay method, found the urinary corticoids to be low in cirrhosis. Plasma 17-hydroxycorticosteroid levels have been reported to be normal in cirrhosis of the liver (33, 34) . In other studies of cortisol metabolism in liver disease, infused cortisol was reported to disappear from the plasma at a decreased rate in patients with hepatitis or cirrhosis of the liver (15, 32, 33) .
Studies of the adrenals in patients with cirrhosis of the liver coming to autopsy have demonstrated a decrease in lipoid material (35) and narrow and frequently nodular adrenal cortices (36) .
MATERIALS AND METHODS
Fourteen patients with moderately severe cirrhosis of the liver, as judged by clinical signs and symptoms and liver function tests, and 3 patients with acute viral hepatitis, served as the subjects of this study. Those with cirrhosis of the liver had the classical symptoms, signs, and laboratory findings, viz. prolonged sulfobromophthalein retention, reversed albumin/globulin ratio with low serum albumin, elevated serum bilirubin, and abnormal thymol turbidity or cephalin flocculation tests. On clinical grounds, most of these patients were presumed to have alcoholic cirrhosis, and in the majority of the subjects the diagnosis of cirrhosis was confirmed by liver biopsy. One of the 3 patients with acute hepatitis had homologous serum (post-transfusion) hepatitis.
Plasma cortisol and urinary corticosteroids were determined by the modified (37) procedure of Silber and Porter (38) using phenylhydrazine and sulfuric acid. Urinary 17-ketosteroids were determined by the Zimmermann procedure, modified from the Holtorff and Koch method (39) . Plasma corticosterone was determined by an isotope dilution method (40) . Aldosterone excretion in the urine was determined by the double isotope derivative method (41, 42) .
The steroids (100 to 200 mg) for intravenous administration were dissolved in ethanol and diluted to 300 ml with 5 per cent dextrose in water to a final alcohol concentration of approximately 5 per cent. Following rapid (10 to 15 minutes) infusion of the steroids between 8 and 9 a.m., plasma samples were collected serially at 20 to 30 minute intervals for 2 to 3 hours and assayed. Plasma steroid concentration was plotted semilogarithmically against time, and the rate of disappearance of the steroids from the plasma expressed as a biologic halftime. The following plasma steroids were assayed by the phenylhydrazine method: cortisol, dihydrocortisone, dihydrocortisol, tetrahydrocortisone, tetrahydrocortisol, 9a-fluorocortisol, A' 9a-fluorocortisol, and A'-cortisol. (37) .2 For each of these steroids, the isotope dilution assay indicated that at least 80 per cent of the steroid as measured by the phenylhydrazine assay represented the administered steroid.
The rate of disappearance of cortisol4-C'4 from the plasma and its rate of appearance in the ascitic fluid was determined by the double labeling technique using cortisol-H' (42) . The rate of disappearance of aldosterone from the plasma after infusion of aldosterone-H' was determined by the double labeling technique using aldosterone and acetic-i-C14 anhydride (42) .
Cortisone and corticosterone were determined by the isotope dilution method, since the phenylhydrazine assay for cortisone (43) and, to a lesser extent, the fluorometric assay for corticosterone (40) were not found to be specific for the determination of these steroids in plasma following their intravenous injection.
Urine cortisol concentration following the infusion of cortisol was determined by isotope dilution. Following the injection of cortisol4-C'4, the total radioactivity in the urine was determined by counting a small aliquot of the urine (0.1 to 0.5 ml) in an alcohol-toluene, DPO (diphenyloxyzol) and POPOP [1,4-bis-2-(5-phenyloxazolyl)-benzene] phosphor in the liquid scintillation spectrometer. The fractions of radioactive metabolites appearing as free and glucuronide conjugates were determined by previously described methods (15) . The urine concentrations of tetrahydrocortisol following innene-3, 20-dione). Aldosterone (11j, 21- (45) technique by a method previously described (42) . All of the labeled steroids were purified by paper chromatography to a constant specific activity. All of the radioactivity measurements were made with the Packard liquid scintillation spectrometer. (15) was used in measuring the urine concentrations of radioactive steroid metabolites conjugated with glucuronic acid after the infusion of tetrahydrocortisone-4-C14.
The size of the rapidly exchangeable miscible pool of cortisol and the rate of turnover of the pool were determined by the previously described method (46) using 0.2 to 0.3 mg cortisol-4-C'4 for intravenous injection.
The pool size and rate of turnover of corticosterone were determined by the procedure used for cortisol, except that tritium-labeled corticosterone (7 to 30 Ag) was used. In a few subjects the rates of turnover of cortisol, corticosterone, and aldosterone were measured by determining the dilution of injected labeled steroid by one or more of its urinary metabolites (4749). Table I lists the plasma cortisol and corticosterone levels, and the urine corticosteroid and 17-ketosteroid levels in the patients with liver disease. Plasma cortisol was normal in all the subjects; however, plasma corticosterone levels were sometimes found to be low or in the low normal range. 3 The urinary corticosteroid and 17-ketosteroid concentrations were below normal in the great majority of the patients.
RESULTS
Cortisol (100 to 200 mg) was infused into eight patients with cirrhosis of the liver and into one patient with hepatitis, and in each subject the infused steroid disappeared from the plasma at a rate slower than normal (Table II) . These findings agree with the results of a similar study of 12 patients with cirrhosis reported previously (15) . In both cirrhotic and normal subjects, cortisol disappeared from the circulation more rapidly when infused in trace quantities than in pharmacologic (100 to 200 mg) quantities (49, 50) . cortisol-4-C04. It is apparent that even though the pharmacologic dose of cortisol-4-C14 disappeared from the plasma at a slower rate, there was a more rapid accumulation of a larger quantity of the labeled cortisol in the extravascular fluid (ascitic fluid). With a similar study in Patient T.T. with minimal ascites, infusion of a trace quantity (0.2 mg) of labeled cortisol gave a biologic halftime of 3.0 hours whereas infusion of 200 mg of labeled steroid gave a half-time of 5.5 hours.
Infused cortisone and corticosterone were metabolized at a rate only slightly slower than normal (Table II) . The highly potent synthetic steroids, 9a-fluorocortisol and A' 9a-fluorocortisol, were metabolized at a normal rate (t1/2 = 1.3 to 1.8 hours) in two patients (T.T. and C.C.) with cirrhosis, whereas AW-cortisol was metabolized at a rate slower (t1/2 = 5.8 hours, T.T.) than normal (t1/2 = 3.0 to 4.0 hours).
Four of the major metabolites of cortisol (the dihydro and tetrahydro reduction products of cortisol and cortisone) were infused in doses of 100 mg. During the period of the study, endogenous plasma cortisol was reduced to zero by the prior administration of 2.5 mg of A' 9a-fluorocortisol orally eight hours before the infusion of the steroids. All of these steroids were metabolized rapidly, and both the patients with cirrhosis and the normal subjects metabolized these four compounds at much the same rate (Table II) .
In one patient with cirrhosis of the liver (T.T.), given tritium-labeled aldosterone, the labeled ster- portant difference in the fraction of the injected steroid radiometabolites excreted in the urine. A kinetic study of the appearance of a major glucuronide-conjugated metabolite of infused cortisol, tetrahydrocortisol, however, revealed that the metabolite appeared in the urine at a slower rate in the cirrhotic subject (Figure 2 ), although infused labeled tetrahydrocortisone appeared in the urine as glucuronide conjugates at a similar rate in the normal and in the cirrhotic (Figure 3) . In Subject J.D., with familial nonhemolytic icterus, a condition known to be associated with a defect in the liver enzyme system necessary for the conjugation of many substances with glucuronic acid (51) , the rate of appearance of the tetrahydrocortisone glucuronide was delayed (52) . Table IV gives the data on the miscible pool size and the rate of turnover of cortisol in six pa- rate of secretion of cortisol is known to be near maximal and probably greater in magnitude than the average secretion rate (46, 49) .
A repeat turnover rate study was carried out in one patient (T.T.) during the 10 to 14 hour period following the continuous intravenous infusion of 4 units of corticotropin per hour. The plasma cortisol level in this patient rose rapidly to a level of 48 ,tg per cent six hours following the start of the infusion and remained at this level during the subsequent 18 hours. The pool of cortisol was elevated, but the rate of synthesis of cortisol was less than that observed in normal subjects after the continuous corticotropin infusion (46, 49) . Table V shows the data on the miscible pool size and turnover rate of corticosterone in three patients with cirrhosis.
DISCUSSION
The importance of the liver in the regulation and control of the level of circulating steroid becomes apparent when it is realized that the intensity of action of the hormone must be under continuous dynamic control. This rapid control is possible because of mechanisms within the liver that act to interrupt, by chemical attack, the biologic action of the hormone. Such enzymatic processes, that serve to terminate or to diminish the action of the steroid through conversion to inactive products, may be subject to alteration by diseases, especially those affecting the liver.
Previously, many of the conclusions regarding adrenal function in liver disease were drawn from studies of the urinary 17-ketosteroids which were usually found to be low. The patients in the present series were also found to have low urinary 17-ketosteroids. Adrenal function has also been evaluated on the basis of studies of urinary corticosteroids; however, in many instances rather nonspecific assay methods were used. Frequently the assay procedures did not utilize a hydrolytic procedure. Acidification of the urine to pH 1 (53) does not hydrolyze the metabolites of cortisol (15) . Since less than one per cent of the total quantity of cortisol or corticosterone synthesized per day is excreted in the urine (15, 54) , it is not possible to measure adrenal cortical function by measuring the urinary cortisol or corticosterone concentration. Furthermore, the urine cortisol and corticosterone levels are essentially a reflection of the plasma level and may not be a good index of the rate of secretion of these steroids.
A urine steroid assay procedure capable of measuring all of the metabolites of cortisol would, of course, serve as a good quantitative assay of adrenal cortical function; however, since the urinary metabolites of the steroids are so numerous, any measurement of a single metabolite or group of metabolites may not represent a reliable index of adrenal secretion rate. A slight change in the pattern of the steroid metabolites may alter any interpretations of secretion rates. The phenylhydrazine colorimetric assay procedures after glucuronidase hydrolysis measure only 20 to 30 per cent of the total metabolites of cortisol, approximately one-half of the steroid metabolites that are conjugated with glucuronic acid (15, 55) . Such an assay, however, may serve as an index of the relative state of activity of the adrenal cortex.
The results obtained in this study and the studies of Brown and associates (32) , who used similar methods for assay of urinary corticosteroids, demonstrated that the urinary metabolites of cortisol were below normal. These investigators (32) also found that patients with liver disease and normal subjects excreted the same quantity of an infused dose of cortisol as phenylhydrazine-reacting steroid metabolites conjugated with glucuronic acid (Table III) . If patients with liver disease and normal subjects excreted a comparable frac-tion of endogenously synthesized cortisol as phenylhydrazine-reacting metabolites, then a low urine corticosteroid level in patients with cirrhosis might suggest that adrenal cortisol secretion would be decreased. The data on urine corticoid concentration (Table I ) and rate of synthesis of endogenous cortisol (milligrams per day, Table IV ) might appear to be inconsistent with the data presented in Table  III (e.g., in Patient T.T., both the urine corticoid level and cortisol turnover were 1.9 mg per day). The poor specificity of the urine corticoid assay in this patient probably accounts for the fact that these two figures are identical (see also Patients D.R. and M.B.). In normal subjects with normal urine corticoid levels the urine corticoids usually account for 30 to 50 per cent of the total daily corticoid production (49) .
In all of the subjects with liver disease, the plasma cortisol level was within the normal (8:00 a.m. range). The specificity of this determination was evaluated both in patients with hepatitis and with cirrhosis by the previously described isotope dilution method. This evaluation indicated that 80 to 95 per cent of the material measured with the phenylhydrazine steroid assay method was cortisol. Plasma corticosterone levels were slightly lower than normal, or at the lower limit of normal. The presence of a normal concentration of cortisol in the plasma indicates that the patients with liver disease had no deficiency of circulating cortisol. A normal level of cortisol can, however, be maintained in the plasma by either a decreased rate of catabolism of cortisol and an associated decreased rate of synthesis, or by an increased synthesis and an increased metabolism of the steroid. Thus, a normal plasma steroid level establishes that cortisol is being synthesized, but fails to indicate its rate of synthesis.
Differences in fraction of bound and unbound cortisol (56-59) may occur in liver disease. Recently it has been reported that some patients with liver disease may have an increased fraction of unbound cortisol, yet the total concentration of plasma cortisol (bound plus unbound) may be normal (60) . Sandberg and Slaunwhite (61) however, recently reported that the transcortin binding of cortisol was normal in 16 patients with cirrhosis.
All of the patients with liver disease showed a (lecreased rate of clearance (metabolism) of infused cortisol from the plasma. This defect in the capacity of the liver to metabolize cortisol was quite specific since other naturally occurring steroids were metabolized at a rate close to normal. This was true for the biologically active corticosterone and cortisone, the biologically active synthetic 9a-fluorocortisol and Al 9a-fluorocortisol, and the biologically inactive steroids 20a-and 20,3-cortisol (15) , dihydrocortisone, dihydrocortisol, tetrahydrocortisone, and tetrahydrocortisol. The rate of metabolism of aldosterone also did not appear to be markedly impaired.
When infused rapidly in quantities in the range of 100 mg, most steroids disappeared at rates approximately proportional to their concentration in peripheral blood plasma. If the steroid is distributed within the plasma and body tissues and if there is a state approximating equilibrium between plasma and the body tissues, the plasma concentration may be expressed as a simple exponential function of time. For comparisons of steroids with respect to their rate of metabolism or for purposes of comparing the rates of metabolism of steroids in different diseases, it is convenient to apply the term "biologic half-life" to this exponential process; i.e., the time at which half of any given quantity remains in the plasma. After the rapid infusion of a trace (microgram) quantity of the steroids cortisol or corticosterone, the biologic half-life was shorter despite the fact that, with both the microgram and milligram doses, the decline in plasma concentration represented a first order process. These differences in rate of disappearance of steroid from the plasma may result from the fact that equilibration between plasma and tissues is not approximated, and the plasma concentration may be expressed not as a single exponential but rather as a series of exponential terms in which the exponents are functions of the rate constants for chemical transformation within the liver, diffusion of the steroid from the plasma into the tissues, and re-entry of the steroid from the tissues into the plasma. A larger fraction of nonprotein-bound steroid available for diffusion into the tissues and re-entry into the plasma following the infusion of pharmacologic doses of steroid might be expected to alter the relative contributions of these various first order processes. That this may be so is suggested from the fact that with the larger doses of cortisol and corticosterone, a three-to fivefold larger volume of distribution was obtained (15, 16, 46, 50) . The more rapid entry of labeled steroid into the ascitic fluid in the cirrhotic demonstrated that the body tissues and the extravascular fluid take up a larger fraction of the infused steroid when it is given in therapeutic quantities. The data from the studies of the plasma protein binding of these two steroids also lend support to this concept. With the trace dose, close to 100 per cent is protein-bound, whereas with larger doses only 70 to 80 per cent is protein-bound (56) (57) (58) (59) .
The great difference in the rate of metabolism of cortisol in the normal subject and the cirrhotic, as contrasted to the rather unimportant differences in the metabolism of other infused steroids, implies that the slower rate of metabolism of cortisol was not the result of impaired circulation through the liver, as has been suggested for the mechanism of the delayed removal of sulfobromophthalein (32) . Because of the selective nature of the defect in cortisol metabolism it would seem unlikely that a deficiency of a cofactor such as reduced TPN could be involved, since TPNH is required for the metabolism of most of the steroids. It seems more reasonable to propose a defect in the enzyme system (44) for transforming cortisol to dihydrocortisol (5a-or 5,8-dihydrocortisol dehydrogenase). This represents one of the predominant initial steps in the chemical inactivation of cortisol and would appear to be the enzyme system most likely involved. Dihydrocortisol was metabolized to tetrahydrocortisol at a normal rate. This presumes that the transformation of cortisol to dihydrocortisol is a major pathway for the metabolism of cortisol. It is not known if the enzymatic defect involves the soluble 5,f or the particulate 5a dehydrogenase; however, there is evidence that both of these enzymes have a high degree of substrate specificity (62) .
M\'ore than one-half of the metabolites of cortisol have the reduced A ring; however, only about one-half of these are present as C-20-keto and approximately one-half appear in the urine as the C-20 reduced compounds (55) . Thus, it is possible that there may also be a defect in the C-20 reductase enzyme system.
The normal rate of disappearance of infused tetrahydrocortisol from the plasma demonstrated that in cirrhosis of the liver there is no markedly impaired capacity of the liver to conjugate the steroid metabolites. Also, Patient T.T. with cirrhosis, excreted phenylhydrazine-reacting steroid glucuronide metabolites (Figure 3) at the same rate and in the same quantity as the normal subjects. The patient with congenital nonhemolytic jaundice, with the defective hepatic enzyme system for the conversion of bilirubin to its glucuronide conjugate, showed no defect in his capacity to metabolize infused cortisol (52) ; however, the rate of steroid glucuronide formation was reduced after administration of a loading dose of one of the tetrahydro metabolites of cortisol.
The slower rate of metabolism of cortisol in the subjects with cirrhosis undoubtedly accounted for a larger quantity of the infused cortisol in the urine because the plasma concentration was maintained at elevated levels for a longer time.
The results of the turnover rate studies utilizing cortisol-4-C14 are consistent with the plasma and urine steroid assay data and the studies of the rate of metabolism of infused steroids. The miscible pools of cortisol and corticosterone were normal or only slightly increased. The figures for the miscible pool size, however, probably represent only the rapidly turned over and rapidly exchangeable miscible pool. In the patients with ascites, the infused cortisol-4-C14 did not mix rapidly with the cortisol in the ascitic fluid.
The patients with liver disease synthesized cortisol and corticosterone at a decreased rate, and excreted a smaller quantity of metabolites of endogenous cortisol. These patients thus had adrenal cortical insufficiency in terms of quantity of cortisol synthesized; however, they were essentially "eucorticoid" in terms of a plasma cortisol level maintained in the normal range by virtue of a defect in the capacity of the liver to metabolize the circulating cortisol at the normal rate.
The primary defect in cirrhosis may be a decreased rate of hepatic enzymatic transformation of the circulating cortisol (cortisol -> dihydrocortisol) with the consequent alterations in plasma cortisol resulting from this disturbance. On the basis of the mechanism of the negative feedback control of adrenocortical secretion, changes in the plasma cortisol produce opposite changes in the rate of secretion of the adrenocorticosteroids (63) . Thus, if the rate of inactivation of cortisol is diminished, the increment in plasma cortisol will inhibit cortico-tropin secretion, and the resultant depression of adrenal cortisol synthesis will serve to maintain a normal concentration of plasma cortisol. Urquhart, Yates and Herbst (64) have shown a primary diminution of hepatic capacity for adrenocortical steroid inactivation in the rat after surgical removal of more than one-half of the liver. Following partial hepatectomy secondary adrenal atrophy occurred. The liver has also been presumed to play an important role in the regulation of adrenal cortical activity in thyroid disease (65) .
If the urinary 17-ketosteroid content is a reasonably reliable index of the production of 17-ketosteroids by the adrenal cortex, then the data from this and other studies would seem to indicate that adrenal 17-ketosteroid production as well as cortisol and corticosterone secretion are depressed. The low urine 17-ketosteroid levels are probably not the result of a decreased conversion of corticosteroid to 17-ketosteroids since normally the 17-ketosteroid metabolites of cortisol make up less than 10 per cent of the cortisol metabolites, and thus only a small fraction of the total urine 17-ketosteroids (28, 66) .
Whereas adrenal glucocorticoid (cortisol and corticosterone) and adrenal androgen (17-ketosteroids) secretion are frequently suppressed in liver disease, mineralocorticoid (aldosterone) production appears not to be decreased. Urine aldosterone levels are known to be either normal or increased in hepatic cirrhosis (67) (68) (69) . In patients with ascites, the urine aldosterone levels are usually markedly elevated; however, in patients without ascites, normal levels are usually found. The urine aldosterone concentration, like the urine corticoid level, may not always adequately reflect the secretory activity of the adrenal cortices, since the usual assay procedure for urinary aldosterone measures less than 5 per cent of the secreted steroid (41) . Turnover rate studies on six patients with cirrhosis maintained on 200 to 500 mg sodium diets yielded markedly elevated rates of secretion of aldosterone-500 to 3,000 jug per day (41) . 4 In all subjects urine aldosterone levels were also elevated; however, the increase in aldosterone secretion was usually proportionally greater than the increase in the urinary aldosterone level. In a recent report of a case of cirrhosis, the aldosterone secretion rate was found to be 1,500 to 2,000 ,ug per day and did not appear to be influenced by changes in sodium intake (70) . Also, unlike cortisol metabolism, these changes in aldosterone metabolism were not associated with a striking change in its rate of metabolism.
SUMMARY
Plasma cortisol and corticosterone levels were normal in patients with liver disease; however, urine corticoids and 17-ketosteroids were usually below the normal level. Cortisol was metabolized at a diminished rate in the cirrhotics; however, most other infused steroids were metabolized at a normal rate. This defect in the metabolism of cortisol was discussed in terms of a low hepatic activity of the specific TPNH-dependent enzyme catalyzing the reduction of the 4,5 double bond. No impaired conjugation of the tetrahydrosteroid metabolites of cortisol was demonstrated. The rate of synthesis of cortisol and corticosterone was markedly reduced in the patients with cirrhosis. The rate of synthesis of aldosterone was increased in patients with cirrhosis maintained on a low sodium intake. Patients with cirrhosis have a relative adrenal insufficiency in the secretion of cortisol and corticosterone although under basal conditions they maintain a normal plasma cortisol level because they metabolize cortisol at a slower rate. These data suggest that there is a homeostatic mechanism mediated through the liverpituitary-adrenals which results in a decreased synthesis of cortisol and corticosterone in patients with liver disease in whom the rate of removal of cortisol by the liver is impaired.
